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doi:10.1016/j.ejvs.2008.04.012Abstract Objective: To evaluate the efficacy of peripheral angioplasty (PTA) in the treat-
ment of diabetic patients with previous peripheral bypass graft and recurrent critical limb is-
chemia (CLI).
Methods: Between January and December 2006, 293 diabetic patients presenting with critical
limb ischemia (CLI) according to the TASC 2000 criteria were admitted to our footcare centre.
Among these patients, 32 of them had previously undergone bypass grafting: femoropopliteal
in 26 patients, femoroposterior tibial in 3 patients, femoroperoneal in the remaining 3. All
these patients underwent angiography and, whenever possible, a concomitant PTA procedure.
Results: Six patients presented with stenosis at the distal anastomosis, 2 with stenosis at the
proximal anastomosis and in 5 patients both the distal and proximal anastomosis were
stenosed. In 12 patients the graft was completely occluded. In 7 patients the graft appeared
patent but all the infrapopliteal arteries were occluded. The average time interval between
bypass and subsequent hospital admission because of CLI was 6.3 4.2 months for patients
with patent grafts and 20.5 12.0 months for those with failing grafts (pZ 0.004).
A successful PTA was performed in 25 patients (78.1%). In all patients with patent grafts, PTA
recanalized one infrapopliteal artery. Recanalization of the graft was obtained in all 13
patients with non-occluded graft. Recanalization of superficial femoral artery occlusion by
means of PTA was obtained in 5 out of the 12 patients in whom the graft was completely
occluded. Five patients underwent major amputation within 30 days and 3 further patientsnancial support have been used for this study. No conflict of interests for any author exists.
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332 E. Faglia et al.during the follow-up period. Patients were followed up until December 31 2007, with a mean
follow-up of 1.89 0.27 years. Restenosis occurred in 7 (28.0%) of the 25 patients in whom
a successful PTA was performed. In 5 of these 7 patients, PTA was repeated successfully. In
2 patients in whom a further PTA was not feasible a major amputation was performed. At
the end of the follow-up period the cumulative primary patency rate was 72%, the assisted
patency rate was 92%.
Conclusions: PTA is an effective method for revascularizing secondary obstructions in patients
with graft failure (and no possibility of a redo graft). PTA also is effective in at least one
subgenicular artery in patients with diabetes with inadequate run-off after femoropopliteal
bypass grafting.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Management of occluded bypass grafts (BPG) is complex.1
Despite all the efforts aiming at promptly locating stenoses
at the anastomotic sites, bypass obstructions rarely allow
recanalization by thrombectomy or thrombolysis.2,3 There-
fore, a new bypass may be the only alternative, or amputa-
tion. Failing bypass grafts in diabetic patients are more
difficult to identify than in nondiabetic patients, as early
signs of ischemia such as leg pain symptoms often may
be attenuated or absent.4,5 In such cases patients seek
medical attention because of deteriorating foot ulcers,
rather than because of pain. This is the same reason that
drives diabetic patients with inadequate run-off after
bypass grafting to seek medical advice.6e8
In January 2006 we started a prospective study for
diagnostic/therapeutic evaluation of diabetic patients
admitted to our footcare centre because of chronic limb
ischemia (CLI), according to 2000 TransAtlantic Inter-Society
Consensus (TASC).9 The aim of this study was to evaluate the
role of percutaneous peripheral angioplasty in the treat-
ment of patients consecutively admitted to our foot centre
because of failing bypass or residual CLI after BPG.
Methods
All diabetic patients referred to our foot centre because of
foot ulcer or rest pain were evaluated for the presence of
pedal pulses, and ankle-pressure and transcutaneous
oxygen tension (TcPO2) values were recorded. Posterior
tibial and dorsalis pedis pulses were evaluated by palpa-
tion, ankle-pressure was evaluated using a Doppler contin-
uous wave technique, and TcPO2 was evaluated at the
dorsum of the foot. Duplex scanning was performed in cases
with either reduced or absent foot pulses and TcPO2
<50 mmHg and/or ankle-pressure <70 mmHg. In patients
with BPG, duplex scanning was always performed. If
haemodynamically significant stenoses were documented
by duplex scanning, a digital subtraction arteriography
was carried out by means of a biplanar method and,
whenever possible, a PTA was performed concomitantly.
Interventional technique
PTA was indicated for angiographically documented obstruc-
tions narrowing>50% of the lumen vessel and was performedin the same time as angiography. The procedure was
performed under local anaesthesia through an antegrade
puncture of the ipsilateral common femoral artery. If
obstructions were documented by duplex scanning in the
iliac trunk or common femoral artery, the puncture was
performed by means of a contralateral approach. A 5- or
6-French vascular introducer was positioned to perform
a preliminary angiographic study using diluted (50%)
non-ionic contrast medium. An angiographic or PTCA
0.014e0.035-inch guidewire was inserted through any
arterial obstruction sites and a 3.0e5.0-French balloon
catheter was used for a 2e8 mm dilation of the arteries.
Vessel recanalization was considered successful if direct
flow was obtained in the treated vessel with no residual
stenosis>30% of the vessel diameter along the whole artery.
Stents were placed based on the interventional radiologist’s
opinion, mainly in the presence of a dissection or a parietal
thrombus or remaining stenosis >30% or recoil. During the
procedure a sodium heparin (5000e7000 IU) bolus was
infused into thearterial lumen. If vessel spasmoccurred, a ni-
troglycerine (0.1e0.2 mg) bolus was infused intra-arterially.
The occurrence of thrombi was managed by catheter aspira-
tion and/or urokinase and heparin infusion. All the
patients were prescribed either 30-day of ticlopidine
(500 mg/day) treatment followed by salicylic acid (100 mg/
day) indefinitely.
After hospital discharge, all patients with foot ulcers
were examined weekly until ulcer healing. In the absence
of symptoms, graft patency was assessed with Duplex at 30
days, 3, 6, 12 months and thereafter every 6 months,
according to the protocol of our Institute.
Statistical methods
We reported the descriptive statistics as average values and
standard deviation for the continuous variables and
percentages and contingency tables for the qualitative
and discrete variables. The difference between time to
admission after BPG failure and BPG patent with infrapo-
pliteal obstructed arteries was compared using Student’s
t test. The SPSS software package was used.
Results
During 2006, 531 diabetic patients were admitted to our
foot centre because of rest pain and/or foot ulcer. Of
these, 293 were affected by CLI according to the TASC 2000
Table 1 Demographic and clinical characteristics of study
population (NZ 32)
Age (years) 74.4 8.6
Females/males (n) 3 (9.4%)/29 (90.6%)
Insulin/oral therapy (n) 26 (81.3%)/6 (18.6)




Stroke (history) (n) 10 (31.3%)
Anti-hypertensive therapy (n) 16 (50.0%)
Lipid lowering therapy 31 (96.9%)
Creatinine> 133 mmol/l) (n) 22 (68.7%)
No/ex/current smokers (n) 14 (43.7%)/17
(53.1%)/1 (3.1%)
Data are % or mean 1 SD.
Table 2 Baseline anatomical situation of the seven









Femoropopliteal 0 Anterior tibial
þ peroneal
Dressing
Femoropopliteal 0 Peroneal 1st Ray
Femoropopliteal 0 Peroneal 1st Ray
Femoropopliteal 0 Peroneal Dressing
Femoropopliteal 0 Anterior tibial
þ peroneal
TM
Femoropopliteal 0 Peroneal TM
Femoropopliteal 0 Posterior tibial Dressing
TM: transmetatarsal amputation.
Angioplasty Advantage in Failing Bypass 333guidelines, and 32 of them had a previous history of
peripheral BPG, 26 femoropopliteal, 3 femoroposterior
tibial and 3 femoroperoneal. These 32 patients comprised
our study population with a mean follow up of 1.89 0.27
years, by December 31, 2007 (all patients remained alive
at this date).
Table 1 lists demographic and clinical characteristics of
this study population.Figure 1 Patent femoropopliteal bypass graft with all infrapopli
artery.Thirty-one grafts were performed with saphenous vein
and 1 femoro-posterior tibial vein graft had a polytetra-
fluoroethylene and venous cuff of the distal anastomosis.
All patients presented with foot ulcer: in 5 of them the
lesion was rather superficial, while in the remaining
patients the ulcer was deep and invading the bone
structures. Twenty-eight patients were suffering fromteal arteries occluded. Peripheral angiolasty of anterior tibial
Table 3 Baseline anatomical situation before and after PTA in the 25 patients with graft failure





Femoropopliteal Anterior tibialþ peroneal Anterior tibialþ peroneal 1st Ray
Femoroposterior tibial 0 0 BK
Femoropopliteal 0 0 AKa
Femoropopliteal 0 Peroneal TM
Femoropopliteal 0 Peroneal 1st Toe
Femoropopliteal 0 Anterior tibial 5th Ray
Femoropopliteal Posterior tibialþ peroneal Posterior tibialþ peroneal 5th Ray
Femoropopliteal 0 0 Dressing
Femoropopliteal 0 Peroneal 4th Ray
Femoroposterior tibial 0 Posterior tibial BKb
Femoropopliteal 0 Anterior tibial Dressing
Femoropopliteal 0 Peroneal BKb
Femoropopliteal 0 0 AK
Femoroperoneal 0 Peroneal 5th Ray
Femoropopliteal 0 0 AK
Femoroperoneal 0 0 AK
Femoropopliteal 0 0 BK
Femoropopliteal 0 Peroneal 1st Ray
Femoropopliteal Peroneal Peroneal Dressing
Femoropopliteal Peroneal Peroneal Dressing
Femoroposterior tibial 0 Posterior tibial TM
Femoropopliteal Peroneal Peroneal TM
Femoroperoneal Peroneal Peroneal TM
Femoropopliteal 0 Peroneal 1st Ray
Femoropopliteal 0 Peroneal 5th Ray
BKZ below the knee amputation.
AKZ above the knee amputation.
TMZ transmetatarsal amputation.
a During follow-up after Chopart amputation.
b During follow-up because restenosis after PTA with no possibility of further revascularization procedure.
334 E. Faglia et al.intermittent pain; in the remaining 4 patients the pain was
continuous. The mean TcPO2 value was 14.4 14.1 mm
Hg. Ankle-pressure was not measurable in two patients
due to the presence of arterial calcification, and in 16
because of the absence of posterior tibial and pedal pulse:
in the remaining 14 patients with measurable ankle pres-
sure the mean value was 88.9 43.6 mmHg.
Thirteen patients had a failing graft. In 6 patients
a stenosis was identified in the distal anastomosis, and in
2 the stenosis was located at the proximal anastomosis; in 5
patients the stenosis was present at both the distal
and proximal anastomosis. Twelve patients had a totally
occluded graft. In 7 patients, all with femoropopliteal BPG,
the graft appeared patent; however, all the infrapopliteal
arteries were occluded. The mean time interval between
BPG surgery and subsequent hospital admission to our
footcare centre was 6.3 4.2 months for patients with
patent BPG and 20.5 12.0 months for those with failing/
failed BPG, pZ 0.004.
A technically successful PTAwas performed in 25 patients
(78.1%). This procedure was practicable in all the 7 patients
with patent BPG: Table 2 reports the baseline anatomical
situation, and patent arteries after PTA of these patients.
In all these 7 patients an antegrade puncture was used and
in any case a stent was placed (Fig. 1 shows an example).A technically successful PTA was performed in 18 out of
the 25 patients with failing or occluded BPG. Table 3
reports the baseline anatomical situation and patent
arteries after PTA of these patients. Recanalization of the
graft was obtained in all the 13 patients with a failing graft
without the use of stents (Fig. 2 shows an example. In 2
patients the puncture was contra-lateral and antegrade in
the remaining patients. Recanalization of native superficial
femoral artery occlusion by means of PTA was obtained in 5
out of the 12 patients in whom the graft was completely
occluded. In all these patients a stent Prote`ge`
150 6 mm (EV3 Corporate, Plymouth, USA) was placed in
the superficial femoral artery (Fig. 3 shows an example).
No complications were observed during or after the
procedure.
Eight (25%) patients underwent an above-the-ankle
amputation: none of these patients were suitable for
further PTA or bypass procedures: Six from the group of
non-revascularizable patients and 2 from the group of the
18 revascularized patients. The surgery was performed
within 30 days in 5 non-revascularizable patients and during
later follow up period in the remaining 3. Among these
latter 3 patients, one non revascularized patient with
a Chopart amputation required major amputation because
of a surgical site infection; the remaining 2 patients
Figure 2 Peripheral angioplasty performed on the distal occlusion of femoropopliteal bypass graft. PTA of the origin of anterior
tibial artery.
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nosis after PTA with no possibility of further revasculariza-
tion procedures. TcPO2 significantly (p< 0.001) improved
from 15.5 11.9 to 43.6 16.1 mmHg in the 25 patients
who underwent a successful PTA. In patients who suffered
major amputation, the TcPO2 measured at the time of
amputation, was 16.0 8.1 compared to 11.4 12.2 mmHg
before PTA, pZ 0.089. Ankle-pressure after PTA was not
measured.
Restenosis occurred in 7 (28.0%) of the 25 patients in
whom a successful PTA was performed. The cumulative
patency rate at end of follow-up was 72%. In 5 patients
a PTA procedure was repeated successfully. In 2 patients in
whom a further PTA was not feasible a major amputationwas performed. The cumulative assisted patency rate at
the end of follow-up was 92%.Discussion
Despite advances in surgical technique and effective
postoperative surveillance by clinical follow-up and serial
duplex examinations,10,11 infrainguinal vein graft closure
occurs in a rather consistent percentage of patients and
remains a major problem for revascularized patients with
BPG.12
Optimal treatment of graft stenosis or chronic occlusion
is subject of considerable debate on whether PTA or
Figure 3 Peripheral angioplasty and stent of the native superficial femoral artery in femoropopliteal occluded bypass graft.
Angioplasty of the anterior tibial and pedal arteries.
336 E. Faglia et al.surgical repair should be regarded as the preferred treat-
ment.13e15 Furthermore, replacement of a failed BPG with
a new BPG poses a variety of important problems, such as
vein availability for a new bypass grafting, and/or patient
comorbidities.16,17 This is particularly true for diabetic
patients with peripheral arteriopathy and foot ulcers, in
whom concomitant comorbidities such as ischemic heart
disease, hypertension, stroke and renal insufficiency may
be very frequent.18e20 Moreover, ischemic heart disease is
particularly common and may itself require bypass to limit
the availability of a second distal vein graft.21 All these
problems were evident in our series of 32 patients.
Although our follow up period was rather short; the
majority of BPG lesions develop within the first year of
surgery. Our data indicate that complete occlusion of BPGis a potentially catastrophic for limb salvage.22 Most of the
patients (6/7, 86%) in whom recanalization of totally
occluded grafts was not possible underwent amputation.
However we did achieve limb salvage in almost 50% of
patients with totally occluded BPG and no possibilities of
further bypass procedures. This is a positive outcome,
considering that in such conditions amputation is usually
inevitable.23 PTA was able to open the graft or maintain
patency in all grafts with stenosis or occlusion at the anas-
tomoses. Also, in many patients PTA was able to open at
least one infrapopliteal artery, to provide good run-off for
the existing BPG. Only 2 patients with failing grafts under-
went amputation due to graft occlusion after PTA.
Most of our patients were not eligible for a new BPG
because of absence of a graft recipient vessel. For this
Figure 3 (continued)
Angioplasty Advantage in Failing Bypass 337reason we cannot compare our series with others which
compared the feasibility and efficacy of surgical revisions
with PTA.24 It has been suggested that PTA often is followed
by further procedures to maintain viable blood supply to
the limb.25 However, we believe that a policy of aggressive
reinterventions is effective for optimizing the limb salvage
rate.
In our opinion the cases of the 7 patients, in whom the
BPG was patent but all 3 subgenicular arteries were
occluded, are of particular interest. It is well known that
a revascularization procedure that does not improve foot
circulation is useless when attempting to salvage limbs.26
Femoropopliteal bypass grafts with poor distal run-off
are doomed to premature occlusion and are pointless. Such
grafts do not eliminate chronic limb ischemia and leave the
patient at high risk of amputation soon after attempted
revascularisation.27e30 Perhaps in such cases infrapopliteal
PTA should be performed at the time of bypass surgery.
Our data indicate that PTA is a feasible and an effective
procedure for many diabetic patients with failing BPG and
with no further surgical options for revascularization. PTA
appears to be even more practicable and effective inpatients in whom the BPG is patent but the infrapopliteal
arteries are occluded.
References
1 Darling 3rd RC, Roddy SP, Chang BB, Paty PS, Kreienberg PB,
Maharaj D, et al. Long-term results of revised infrainguinal
arterial reconstructions. J Vasc Surg 2002;35:773e8.
2 Rhodes JM, Gloviczki P, Bower TC, Panneton JM, Canton LG,
Toomey BJ. The benefits of secondary interventions in patients
with failing or failed pedal bypass grafts. Am J Surg 1999;178:
151e5.
3 Nackman GB, Walsh DB, Fillinger MF, Zwolak RM, Bech FR,
Bettmann MA, et al. Thrombolysis of occluded infrainguinal vein
grafts: predictors of outcome. J Vasc Surg 1997;25:1023e31.
4 Nguyen LL, Conte MS, Menard MT, Gravereaux EC, Chew DK,
Donaldson MC, et al. Infrainguinal vein bypass graft revision:
factors affecting long-term outcome. J Vasc Surg 2004;40:
916e23.
5 Fatourou EM, Paraskevas KI, Seifalian AM, Hamilton G,
Mikhailidis DP. The role of established and emerging risk factors
in peripheral vascular graft occlusion. Expert Opin Pharmac-
other 2007;8:901e11.
338 E. Faglia et al.6 Seeger JM, Pretus HA, Carlton LC, Flynn TC, Ozaki CK, Huber TS.
Potential predictors of outcome in patients with tissue loss who
undergo infrainguinal vein bypass grafting. J Vasc Surg 1999;30:
427e35.
7 Wahlberg E, Jorneskog G. Patients with diabetes and critical
limb ischemia have a high peripheral vascular resistance. Ann
Vasc Surg 1997;11:224e9.
8 Tordoir JH, van der Plas JP, Jacobs MJ, Kitslaar PJ. Factors
determining the outcome of crural and pedal revascularisation
for critical limb ischaemia. Eur J Vasc Surg 1993;7:82e6.
9 TransAtlantic Inter-Society Consensus (TASC). Management of
peripheral arterial disease (PAD). Eur J Vasc Endovasc Surg
2000;19(Suppl. A):S208e90.
10 Ihlberg L, Luther M, Tierala E, Lepantalo M. The utility of duplex
scanning in infrainguinal vein graft surveillance: results from
a randomised controlled study. Eur J Vasc Endovasc Surg 1998;
16:19e27.
11 Bandyk DF, Bergamini TM, Towne JB, Schmitt DD, Seabrook GR.
Durability of vein graft revision: the outcome of secondary
procedures. J Vasc Surg 1991;13:200e8.
12 Berkowitz HD, Fox AD, Deaton DH. Reversed vein graft steno-
sis: early diagnosis and management. J Vasc Surg 1992;15:
130e41.
13 Whittemore AD, Donaldson MC, Polak JF, Mannick JA. Limita-
tions of balloon angioplasty for vein graft stenosis. J Vasc Surg
1991;14:340e5.
14 Avino AJ, Bandyk DF, Gonsalves AJ, Johnson BL, Black TJ,
Zwiebel BR, et al. Surgical and endovascular intervention for in-
frainguinal vein graft stenosis. J Vasc Surg 1999;29:60e70.
15 Carlson GA, Hoballah JJ, Sharp WJ, Martinasevic M, Maiers
Yelden K, Corson JD, et al. Balloon angioplasty as a treatment
of failing infrainguinal autologous vein bypass grafts. J Vasc
Surg 2004;39:421e6.
16 Pedersen G, Laxdal E, Aune S. The outcome of occluded
above-knee femoropopliteal prostheses implanted for critical
ischaemia. Eur J Vasc Endovasc Surg 2006;32:680e5.
17 Baldwin ZK, Pearce BJ, Curi MA, Desai TR, McKinsey JF,
Bassiouny HS, et al. Limb salvage after infrainguinal bypass
graft failure. J Vasc Surg 2004;39:951e7.
18 Leibson CL, Ransom JE, Olson W, Zimmerman BR, O’fallon WM,
Palumbo PJ. Peripheral arterial disease, diabetes, and mortal-
ity. Diabetes Care 2004;27:2843e9.19 Moulik PK, Mtonga R, Gill GV. Amputation and mortality in new-
onset diabetic foot ulcers stratified by etiology. Diabetes Care
2003;26:491e4.
20 Boyko EJ, Ahroni JH, Smith DG, Davignon D. Increased mortality
associated with diabetic foot ulcer. Diabet Med 1996;13:967e72.
21 Flaherty JD, Davidson CJ. Diabetes and coronary revasculariza-
tion. JAMA 2005;293:1501e8.
22 Hertzer NR, Bena JF, Karafa MT. A personal experience with the
influence of diabetes and other factors on the outcome of
infrainguinal bypass grafts for occlusive disease. J Vasc Surg
2007 Aug;46(2):271e9.
23 Faglia E, Clerici G, Clerissi J, Gabrielli L, Losa S, Mantero M, et al.
Early and five-year amputation and survival rate of diabetic
patients with critical limb ischemia: data of a cohort study of
564 patients. Eur J Vasc Endovasc Surg 2006;32:484e90.
24 Garvin R, Reifsnyder T. Cutting balloon angioplasty of autoge-
nous infrainguinal bypasses: short-term safety and efficacy.
J Vasc Surg 2007;46:724e30.
25 Berceli SA, Hevelone ND, Lipsitz SR, Bandyk DF, Clowes AW,
Moneta GL, et al. Surgical and endovascular revision of infrain-
guinal vein bypass grafts: analysis of mid-term outcomes from
the PREVENT III trial. J Vasc Surg 2007;46:1173e9.
26 Faglia E, Clerici G, Clerissi J, Mantero M, Caminiti M,
Quarantiello A, et al. When is a technically successful periph-
eral angioplasty effective to prevent the above-the-ankle
amputation in diabetic patients with critical limb ischemia?
Diabet Med 2007;24:823e9.
27 Alback A, Biancari F, Saarinen O, Lepantalo M. Prediction of the
immediate outcome of femoropopliteal saphenous vein bypass
by angiographic runoff score. Eur J Vasc Endovasc Surg 1998;
15:220e4.
28 Sonnenfeld T, Cronestrand R. Factors determining outcome of
reversed saphenous vein femoropopliteal bypass grafts. Br
J Surg 1980 Sep;67(9):642e8.
29 Biancari F, Alback A, Ihlberg L, Kantonen I, Luther M,
Lepantalo M. Angiographic runoff score as a predictor of
outcome following femorocrural bypass surgery. Eur J Vasc
Endovasc Surg 1999;17:480e5.
30 Desai TR, Meyerson SL, Skelly CL, MacKenzie KS, Bassiouny HS,
Katz D, et al. Patency and limb salvage after infrainguinal
bypass with severely compromised (‘‘blind’’) outflow. Arch
Surg 2001;136:635e42.
